, U

Yoo W
Y 1 v
ITALE
;\

A 1‘\”(’) Ve ’/

f.ong-rerim

1
|

Method for !
Monitoring
Clobal

Warming

|

[ S R S T S S

[ A T

could momtor the nse of pressune
surfaces caused by the hypothesized
risean average lemperature of thc tro-
pasphere due to plobal warming.

UAVs would be programimed to
fty wnmediately above the topo-
pavse, and usef(rPSgecervers to mea-
sure the wireraft's gearmetnce altitude.
By combimng geometric altitude,
local awr pressure. and remotely-
sensed vartical temperature profiles,
it 1x possible to detenmine the geo-
mctie altitude of speaitic pressure
surfaces,

The aircraft would tIv dunng «
twenty-vem period over fhght tracks
that sample regrons of predicted
maximum and mintmum glabal
warng. Global Cuculation Models
(GOMS) prediet that dunng the mom-
tonng, pertod some repions should
wartn approxnmately 2 Komaore than
others, which would cause pressure
sutfaces m the warmer region o be
uplifted 70 meters morelation to sur-
taces o the cooler regon. From these
mcasurements 1t should be possible
o vahdate and refine global warm-
myp, models which should eventually
lead to unproved global warming
predicuons

BACKGROUND

Radiosondes are sparse i many re-
sions, espeaally polar and ocean ar-
eas, where abnotiual plobal warning,
1s prechicted to oce Area-averaging,
and the establishment of1icgronal dhif-
ferences are thus dependent on a
warginally adequate distubution of
radhosoundes,

Global warming models predict
that increased CO | should produce a
wartniy, of the u opospherc and a
covhing of the stratosphere. Satcthte
femperature measurcients are a
blend of tropospheric and strato-
sphene tamperatyres, so part of the
plobal wanming signatare is masked
by an uncertan amount ol strato-
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sphene cooling. Satellites are also
limited for the task of mecasuring glo

bal warunng, by thewr need to trans.
fer calibravon from onc satellite to
the nexe, sinee no single satelhite losty
fong enough to avcomplish a mean-
mgful monitoring, task by ttself, Thus,
there is stll a need for measurmg the
average temperature of the tropo

sphere, o1 any eftect of this warn-
ing, with an accuracy that can be as

sured aver long ime-scales

MEASUREMENT CONCEPT

An air parcel expands as it warims
An entire atinosphere also expands
as 10 Warms

Surface pressure 15 a measure of
the werpht of the avarlying amo-
sphierc, and will notchanye dJuning a
global warmung. Uit can be assumed
that ategion's average surface pres-
sure Will remarm constant over yoear
tmcscales, the locatnon of uppar level
pressure sutfaces can be used to
wonitor ¢changes m the tme-aver
aged temnperature field between the
surface and the upper altitude pres
sure sutfacc

We propose to fly an wirplane at
an altitnde that s always shphtly
above the tropopause. and toimeasue
both ambient pressure, gcometrie al
titude. and the tempersture profile fon
nearby altitudes. This wall permit the
precise caleulation of the altitudes of
speetfied pressure surfaces which can
be used to monitor the lonp-ternm
pressure sutface “uplifting” cansed
by global warming

MEASUREMENT STRATEGY

We prapose nsing a stuall flect of Un-
manucd Aerial Vehicles (UAVsy to
fly continvoush. across carelitllv.sc

Iected ground-tiacks for a penod of
two decades. Toallustrate the role of
carefully choosing thghtuacks, con

sider flights thet sample the egion
hetween Afaska and Spitvbergen, and
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from the North Pole to the cquaton
via lorida. These paths would
sample extremes i predicted re-
groual warming, according to Global
Cuculation Model studies of plobal
clunate change due to CO_ increascs

Geometric altitude will be mea
sured, using the ditferential GPS
technique. whenever a pau of pre-po-
sthoned ground receivers are able to
observe the same GPS satellites used
by the UAV. Postilight data analysis
will be erployaed to determine GPS
corrections and extend thern to e
grous where the Jifferennal GPS
technique 1s not possible,

A microwave temperatwe profiler
(MTE) wall measure “altitude teme
perature profiles,”
needed for detaamining the preose
altitude of nearby pressure surfaces.
The ternperature protiles will also be
used to continuously adjust the UAV
altitude so that it stays above the

which will be

ttopopause This 18 wnportant i re
ducing errors of caleulated pressure
surtace altitude, and will alzo assure
an optimal satmpbug of the envire tro-

posphere,

Analysis of UAV data wll be
stranficd by scason as well as vear
and location, since GOM models pre-
dict sttong. dependencies on both
variables. Patterns of warming (and
cooling) will be compared with pre-
dictions of scveral GOM models We
would wark with GOCM modelers to
expedite the compansons and enable
assumptions
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Global modcels predict regronal tem
perature difterences that are preater
than the global average warming ef-
teet For example, Hansen, et ol
{1958y predict a North Pole regional
warning of 4 K {{rom 195810 2015
i ccontrast wath - O K atlattudes near
the cquator Anathier study predicts a

continued on page t
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10 K diffcrence between northern
Canada and the Arctic Ocean be
tween Greenland and Novway

Thiee GCM models predict a
latge warming (produced by a dou-
bling of CO.) duting winters in north-
o Canada. and one model praedicts
a wild warming (10 to 15 K versus 3
to 5 Ky Thus, model differences are
approxunately 10 K durtng a six-de-
cade period.

Dunng the planned study penod,
s estimated that differeuces for re
gronal temperatue are predicted o
be approximately 7 K. Thas, durig
the study penod, global warming ef-
tects are (:.\pctttcd 1D Move proessulc
sifaces in the “upper topospheres
lower stratosphere” in such @ way
that repronal differences should be
approxinately 70 meters

FRROR ANALYSIS

The alnwde of neartby pressure sur-
fuces can be measwed with an accu-
ey that 18 estimated to he 19 meters
on USesecomd timescales Assuming,
conservatyely, that measurciment
preerston 1s ooly sliphtly less thanats
accurncey, regional averages will im

prove according to the squane-root of
e sNpentover the region,

For example, after uaversing a
Canada sized “1epion” m 20 hours,
pressure surface albtades will be
mcasurs wath a precision of <27 cin,
Thice aneratt could taverse en re-
wons i three days, 1 the alttude of
pressute surfaces could bo measured
with a precision of 26 cinevery three
davs, reponal z'/(/_‘/}'rwu'f.'.\‘ could be
measured with a precision of 38 -
aecutacies Presumably, these ge
ol ditfvrences would be nnaf
fected by msrument maccuracics,
provided accuracy biases chanped
slowly.

Duning, the cowrse ot a decude
monitonng progra, the precision of
tewonal seasonal diftercuees m yrend
could beas low as "1 per decade.”
Since global warming maodels predict

rends 3300 times greater than thus,
it 1s unlikely that measurement un-
certainties will be yrportant

The above denvation does not al-
low for the presence of natnal varia-
tons m pressute surface altitudes, It
will be useful to consider twa comn-
povents of natwal variations: sto-
chastic and non-stochastic vartiations

The stochastic componcul for glo-
hal averages has a magnitude of ap-
proximately 0.11 K per year for each
“tegron’ (based on surface tempera-
ture data for the past 100 vears). This
icads to pressure surfacc altitude
fluctuations of about 3.7 m. Regronal
{luctuations will be larger. and we
estimated to be approxmmatelv 14 m
cach year, O 28 m each scason

After o decade of monttonng,
these stochastic fluctuations will pro-
duce 2 nowse on the measurement of
Tepgnonal difference tend” of about
3 midecade for cach seasonal comn-
panson. This 18 10% of the “sipnal
trend.,” and s therefore & conccern
After twa decades, this component
of nonse will be only 2.5% of the “siy-
nal trend.”

The non-stochastic component of

natural variations has longer penods
and larger amplitudes. The two most
mportant CX{HII[\ICS are volcanre
eruptions and the LY Nidio Southern
Oscllation, or ENSO

Volcanic eruptions produce ef-
fects that have a charactensnc decay
tmne of about one or two years. The
ENSO s quasi-penodic, with com-
ponents between three and seven
vears Then effect upon pressure sur
face altitude at tropopanse alutudes
15 approximately 20 and 7 m respec:

uvely

We interpret work by others to
wdicate that these eftects can be re
moved with residaals of approxi
mately three or four uy. This is com-
parable to the stochasue variations
so they should have the samc wmpact
an the mcasurement of a secular
hend. In other words, both the sto

chastic and non stochastic natural
vanations arc hikely to introduce un-
certamues of approximately 10% of
the predicted tend after one decade,
and 2.53% of the predicted rend aftes
two decades

Tur, NEED ror A CARE-
FULLY-DESICNED STUDY

Chiven that the normal vear-to- year
regonal fluctuations are the domi-
nant soutce of
uncertatnty

measuring aud
assessng the of
fects of glabal
thns
proposal 1s de

warming,
staned to overs
come the re-
wional variabihty
Liniation by em
ptiasiang, the use
of many e
gronal'scasonal
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A flight track that extends from
the North Pole (o the equator (via
castern Canada) mclades the equiva
tent of five Canada-sized regions
The other hypothencal VAV flight
track, fiom Alaska to Spitzbergen,
will sample an equivalent number of
regrons This  hypothctical
intercompanson of about ten such
Canada-sized wegions will provide a
multitade of comnparisons wath model
predictions. Tnothis way (t mav be
possible to overcome the inherent
varnability of regronal averape tropa-
spheric tempaeranne,

However, a more thorough evatu-
atton of thrs analvss strategy s war
ranted, and shoudd be condncted 1n
conjunction with global warming
modcicis. Tlos more carcful study
should identify which regional com-
parisons arc most hkely to lead to
GOM model validations, sinee some
repional chanpes may be dominated
by specific model camponents which
need refincment,

Potential tracks
include. round-trip
Jlights between the
Washingon, 1. C.
area an§ the North
Fole, Washington
and the Fiquator,
and Alaska and
<& Norway.
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